Ultrasound (US) is often the first imaging modality employed in patients with suspected focal liver lesions. The role of US in the characterisation of focal liver lesions has been transformed with the introduction of specific contrast media and the development of specialized imaging techniques. Ultrasound now can fully characterise the enhancement pattern of hepatic lesions, similar to that achieved with contrast enhanced multiphasic computed tomography (CT) and magnetic resonance imaging (MRI). US contrast agents are safe, well-tolerated and have very few contraindications. Furthermore, real-time evaluation of the vascularity of focal liver lesions has become possible with the use of the newer microbubble contrast agents. This article reviews the enhancement pattern of the most frequent liver lesions seen, using the second generation US contrast media. The common pitfalls for each type of lesion are discussed. The recent developments in US contrast media and specific imaging techniques have been a major advance and this technique, in view of the intrinsic advantages of US, will undoubtedly gain popularity in the years to come. 
INTRODUCTION
The non-invasive detection and characterisation of focal liver lesions is an important component of cross-sectional imaging studies. Depending on their histological nature, different focal liver lesions vary in their blood supply, with the malignant ones generally having a preferential hepatic arterial supply [1] . The enhancement pattern of a lesion is based on the blood supply and constitutes the mainstay of its characterization with contrast-enhanced computed tomography or magnetic resonance imaging [2] . Ultrasound (US) is often the first imaging investigation for patients with liver disease. The sensitivity and specificity of gray-scale US for the characterization of focal lesions is inferior to that of CT or MRI [3, 4] . One of the main reasons for this was the absence, until the 1990s, of US contrast media. The advent of microbubble contrast agents has led to improved characterisation and detection of focal liver lesions since the enhancement characteristics can be visualised in real time over a 5 min period. As a result, recent studies have reported sensitivities and specificities that rival that of CT and MRI [5] .
US CONTRAST MEDIA AND SPECIFIC IMAGING TECHNIQUE
Ultrasound contrast agents consist of microbubbles of gas with a protein, lipid or polymer shell. The microbubbles are approximately 1 to 10 μm, which is the size of a red blood cell. These particles are too large to pass through the vascular endothelium and, as such, are considered pure blood pool agents [6] . After several minutes in the circulation, the microbubbles dissolve, the gas is exhaled and the shell is metabolized, mainly in the liver [7] . Furthermore, the microbubbles are well tolerated by patients after intravenous injection and there are very few contraindications to their use.
When subjected to an US wave, the microbubbles respond by changing their size: they expand during the rarefaction phase and contract during the pressure phase. These changes are much greater than the minor changes that occur in the soft tissues. The bubbles, like every oscillating system, have a natural frequency (the resonance frequency) at which their response is maximal.
Fortunately, the bubbles resonate at frequencies used for diagnostic US imaging. This coincidence accounts for their high reflectivity, even when they are present in a small concentration. Furthermore, the expansion of these bubbles during the rarefaction phase exceeds their contraction during the pressure phase. This asymmetric oscillation produces a returning signal (echo) that contains harmonics, i.e. multiples of the driving frequency [8] . The first microbubble-specific imaging technique exploited this property by sending an US pulse into the tissue and selectively detecting echoes at twice that frequency, such that one could theoretically image only the bubbles. However, in practice, soft tissues also produce harmonic echoes. Consequently, the images produced with this technique were of poor quality, in part due to poor tissue suppression.
Subsequently, a n o th er m o d e o f i m a g i n g wi th microbubbles was developed using high-power colour Doppler US. When submitted to a high-energy US beam, the microbubbles often break up into much smaller bubbles that dissolve rapidly. As they are disrupted, the bubbles emit a strong, brief echo which is easily detected, a phenomenon known as stimulated acoustic emission (SAE) [9] . The drawback of this technique, however, is that the microbubbles are destroyed by the US beam and therefore real-time imaging is not feasible.
At the present time, the most common imaging technique is based on the principle of phase-inversion, in which two US pulses, 180° out of phase, are sent sequentially. The returning echoes are added up by the US machine [10] . The linear echoes returned by the tissues nullify each other, while the non-linear echoes returned by the microbubbles produce a detectable signal. There are two main advantages of this technique. First, excellent tissue suppression is obtained. Second, a detectable signal is obtained even when a very low-power US beam is employed, consequently, the bubbles are not destroyed. The first generation contrast media, such as Levovist ® (Schering, AG, Berlin, Germany), produced a very weak signal when submitted to low mechanical index US beam owing to its fragility and lent itself to use with SAE [11] . Since then, contrast media, such as SonoVue ® (Bracco, Milan, Italy), Definity ® (Bristol-Myers-Squibb, Billerica, Mass, USA) and Optison ® (Nycomed/Amersham, Little Chalfont, UK), which have a strong, non-linear, harmonic response, even when insonated with low acoustic power, were able to provide real-time imaging using low mechanical index (MI) modes [12] . In the following sections we review the common enhancement patterns of the most frequent focal liver lesions seen with the second generation contrast agents.
CONTRAST-ENHANCED US PATTERNS OF FOCAL LIVER LESIONS
The characterization of a hepatic lesion with microbubbles requires careful examination through all phases of contrast enhancement, i.e. arterial (10-20 to 25-35 s after injection), portal (30-45 to 120 s) and late parenchymal (> 120 s) phases [13] . Simply put, the late phase is useful to determine the benign or malignant nature of a lesion while the arterial phase helps in predicting its histology [14] [15] [16] [17] [18] [19] . Between 86% to 93% of benign lesions retain the contrast in the late phase, while 78% to 98% of the malignant ones demonstrate wash out of the contrast [14, 16, 18] . The persistence of the second generation contrast agent in a healthy liver is thought to be the result of a very slow flow through the sinusoid [20] . Consequently, lesions devoid of normal sinusoids do not retain the contrast.
HAEMANGIOMAS
Haemangiomas are the most common solid benign lesion of the liver, with a prevalence ranging from 1% to 20% in the general population [21] . These lesions are more common in females and are frequently located peripherally or adjacent to a large hepatic vein branch. The most common sonographic appearance of haemangiomas is a homogeneously hyperechoic focal lesion, less than 3 cm in size [22] . These characteristic features, when present in a patient at a low risk for malignancy, are usually sufficient to allow a confident diagnosis. In a significant number of patients however, further imaging is required.
The characteristic early arterial nodular enhancement with delayed centripetal fill-in described on CT or MRI [23] [24] [25] is the most common appearance of haemangiomas during the arterial phase of contrast-enhanced US, seen in 52% to 88% of cases ( Figure 1 ) [15, 16, 18, 19] . Sustained enhancement has been reported in 83% to 100% during the late phase [16] [17] [18] [19] . The real time nature of contrast-enhanced US is particularly useful in diagnosing small, rapidly perfusing (flash-filling) haemangiomas, where the typical enhancement pattern can be appreciated [6] . Complete enhancement does not always occur, especially in lesions larger than 3 cm, which often undergo central thrombosis or fibrosis [6, 26, 27] .
FOCAL NODULAR HYPERPLASIA
Focal nodular hyperplasia (FNH) is the second most common solid benign hepatic lesion, with a prevalence between 0.9% and 3% [28] [29] [30] . This lesion occurs in all age groups and both sexes, but is found predominantly in women (80%-95% of the cases) during the 3rd to 5th decade of life. Oral contraceptive use has been incriminated, but a definite relationship has not been established [31, 32] . FNH is not a dysplastic or neoplastic tumour, but is a hyperplastic lesion, probably occuring in response to a pre-existing arterial malformation [33] . FNH does not have a malignant potential, nor is it likely to bleed or rupture [34] . Consequently, differentiation from other lesions, particularly hepatocellular adenoma and carcinoma (especially the fibrolamellar form), is essential since FNH is managed conser vatively, whereas the other lesions require surgery. FNH is often discovered incidentally.
The most common sonographic appearance of FNH is that of a homogeneous, near isoechoic lesion; some lesions are detected only because of their mass effect on adjacent blood vessels [32] . A central hypoechoic scar is detected in 20% to 45% of the cases [22, 35, 36] . In larger lesions, colour Doppler may show a central feeding artery with a spoke-wheel pattern of vessels radiating to the periphery.
FNH is a hypervascular tumour and consequently manifests as a strongly and homogeneously enhancing lesion during the arterial phase of contrast enhanced US in nearly 100% of the cases (Figure 2 ). The central spokewheel type of contrast enhancement can be demonstrated in 45% to 89% of FNH. These lesions become isoechoic or slightly hyperechoic, compared with the surrounding liver parenchyma during the portal and late phases of enhancement in 87% to 100% of the time [15] [16] [17] [18] [19] 37] . The central scar is seen in 23% to 31% of cases [15, 17] . However, in contradistinction to the pattern seen on CT or MRI, the central scar stands out as a defect instead of the late enhancement seen with the other imaging modalities. This finding can be explained by the fact that microbubbles are purely intravascular agents and therefore do not diffuse into the interstitium, unlike iodine and gadolinium-based contrast agents used with CT and MRI [6] . In patients with chronic liver disease, caution should be used since well-differentiated hepatocellular carcinoma (HCC) may mimic the enhancement pattern of FNH (see below). In these patients, all hypervascular lesions should be regarded with suspicion.
HEPATOCELLULAR ADENOMA
Hepatocellular adenoma (HA) is a rare, benign neoplasm of hepatocellular origin. Approximately 90% of HAs occur in young women [38] . Up to 90% of females with HA have reported the use of oral contraceptives [39] . HA is also Figure 1 Haemangioma. Gray-scale US image (A) and split-screen display images of contrast-enhanced US scan using a low MI technique (B-D). The left panel shows the contrast sensitive image while the corresponding grayscale image is on the right. On grayscale US, the liver is hyperechoic, consistent with fatty infiltration and an ill-defined hypoechoic lesion is seen (arrow, A). On contrast enhanced US, the lesion demonstrates peripheral nodular enhancement during the arterial phase (B). At 36 s, the lesion has almost completely filled in (C). At 45 s, the lesion is completely enhanced (D) and sustained enhancement was observed in the late phase scan (not shown). associated with the use of anabolic steroids in men and in some storage diseases [40] . In contrast to FNH, HA is a true neoplasm.
Management of HA is by surgical resection, in contrast to FNH, because of the risk of malignant degeneration and haemorrhage [41] . Patients with HA may present with pain secondary to its mass effect (40%) or intratumoral/ intraperitoneal haemorrhage (40%). Alternatively, the tumour may be discovered incidentally (20%) [22] . The most common sonographic appearance of HA is a well-defined, large, solitary, hyperechoic mass owing to its high lipid content. Since the lesions have a propensity to bleed, HAs are usually heterogeneous in appearance. Colour Doppler findings are non-specific. The typical spoke-wheel pattern of FNH is absent.
The contrast-enhanced US characteristics of HA are relatively non-specific, but these lesions usually enhance during the arterial phase. Smaller lesions are likely to show homogeneous enhancement whereas the larger ones will be heterogeneous owing to previous intratumoral haemorrhage or necrosis. In one study with Sonovue, HAs were iso-or more often hypoechoic in comparison with the surrounding liver parenchyma in the portal venous and late phases of enhancement [37] . Unfortunately, this pattern of enhancement is not unique to HA, as it is also a common appearance of HCC on contrast-enhanced US (see below). In some cases, even the histopathological differentiation of HA from well-differentiated HCC is difficult [42] . The differential diagnosis should include hyper vascular metastases which can exhibit similar enhancement characteristics.
HEPATOCELLULAR CARCINOMA
HCC is the most common primary malignancy of the liver. It usually occurs in patients with chronic liver disease, particularly in those with chronic hepatitis B and C infection where the risk is approximately 100 times that of patients with cirrhosis of other aetiologies. Men are affected three times more frequently than women [43] . Early detection is crucial for curative treatment, since patients with small HCC (< 2 cm) who are treated with liver transplantation have a survival rate of about 80% [44] , whereas the 5-year survival of untreated HCC is less than 5%.
The gray scale US appearance of HCC is variable and non-specific. Hyperechoic foci related to the presence of fibrosis, haemorrhage and necrosis are found in approximately 50% of large HCCs [22] . On colour Doppler, approximately 75% of HCCs have a fine peripheral network of vessels, surrounding and penetrating the lesion (the so-called basket pattern) [45] . Non-invasive imaging diagnosis of HCC is often based on CT or MRI detection of a hypervascular mass in a patient with chronic liver disease because of the lack of specificity of conventional US.
With the use of contrast-enhanced US, more than 90% of HCCs behave like other hypervascular lesions and enhance avidly during the arterial phase (Figure 3 ) [15, [17] [18] [19] . The basket pattern is reportedly seen in about one-third of the cases [19] . Also, like other malignant lesions, the majority (83% to 97%) of HCCs washout the contrast and appear as a defect during the late phase. However, caution should be used since well-differentiated HCCs may not show this washout very reliably. Moreover, it has been observed that the more differentiated a lesion, the more slowly it is likely to washout [46] . Consequently, in a patient with known chronic liver disease, a hypervascular lesion in the arterial phase should not be considered as benign on the sole finding of persistent enhancement during the portal and late phases.
METASTASES
The liver is a frequent site of metastases of extrahepatic tumours, and metastatic disease is one of the most common indications for imaging the liver. The grayscale sonographic appearances of metastases are varied depending on several factors such as the histology of the primary tumour and the treatment received by the patient. In a patient with a known malignancy with interval development of hepatic masses, the diagnosis is straightforward and characterisation is not an issue. However, when there is no history of malignancy or no previous imaging for comparison, characterisation becomes essential. The accuracy of US for the assessment of liver metastases is lower than that of CT or MRI [47] . However, the use of first generation US contrast media, improved significantly the sensitivity for the detection of liver Figure 4 Liver metastasis in a patient with known metastatic colon carcinoma. The patient previously had liver resection and radiofrequency ablation. Contrast-enhanced CT scan image (A) and split-screen display images of a contrast-enhanced US scan using a low MI technique (B and C). On CT, a 1cm lesion is seen in segment 8 (arrow,  A) . The lesion was not visualized on gray-scale US. After injection of microbubbles, a 1 cm hypoechoic rounded lesion is seen as a defect in all the phases of enhancement (arrow, B and C). These findings are suspicious for a metastatic deposit. metastases [48] . It has been proposed by the European Federation of Societies for Ultrasound in Medicine and Biology (EFSUMB) that any US staging study of the liver should be contrast enhanced, although the cost and feasibility of such a recommendation remains a big hurdle [13] . On contrast-enhanced US, metastases show different patterns of enhancement during the arterial phase, depending upon the vascularity pattern of the primary tumour. Regardless of their behaviour during the early phase, metastasis consistently show rapid and complete contrast washout and appear as enhancement defects on late phase scans (Figure 4 ) [15] [16] [17] 19] . Recent publications have shown that, with the second generation US contrast media, the vast majority (> 85%) of metastases show some arterial enhancement, often more pronounced in the periphery [15, 16, 19, 49] . This phase of hypervascularity is often not recognized on multiphasic CT or MRI because it is very brief and the lesion starts to washout within 20 s of the injection in most cases, before the arterial phase of CT and MRI, which is around 40 s from the beginning of the injection. The arterial enhancement may be rim-like, Figure 6 Hepatic abscess. Grayscale US image (A) and split-screen display images of a contrast-enhanced US scan using a low MI technique (B-D).The gray-scale image shows an ill-defined heterogeneous mass in the left lobe of the liver (between callipers, A). A subcapsular anechoic fluid collection is also seen (arrow, A). After microbubble injection, regional hypervascularity during the arterial phase is shown (arrowheads, B-D) . The abscess appears as a cluster of nonenhancing collections separated from each other by enhancing septations (B and C). In the late phase scan (D), there is no enhancement of the fluid collections and no wash out of the enhancing portions.
Figure 7
Potential pitfall: simple cysts. Gray-scale US image (A) and contrastenhanced US scan images using a low MI technique (B and C). The gray-scale image (A) shows a typical simple hepatic cyst which is completely anechoic, has a thin wall and posterior acoustic enhancement (between arrowheads, A). After microbubble injection, no enhancement of the cyst is seen throughout all phases of enhancement (B and C). The diagnosis is straightforward if the lesion was recognised prior to contrast injection. If not, it may be misinterpreted as a n e n h a n c e m e n t d e f e c t a n d b e categorized as a malignant lesion. diffuse or mosaic-like. Rim-like enhancement and early and complete washout of the lesion are typical of metastasis, while complete enhancement with a later washout is most suggestive of a HCC. However, when a hypervascular metastasis shows complete enhancement ( Figure 5 ), differentiation from HCC is difficult and correlation with the clinical history and alpha-fetoprotein is often helpful.
OTHER MALIGNANT LESIONS
Other primary malignant lesions of the liver, such as intra-hepatic cholangiocarcinoma and lymphoma, show the typical behaviour of malignant lesions and washout contrast rapidly and appear as defects on the portal and late phases. Cholangiocarcinoma frequently enhances during the arterial phase [40, 49] . The rapid washout of this lesion observed on contrast-enhanced US is discordant with the typical behaviour of the lesion seen on CT and MRI (hypoenhancement with mild peripheral centripetal progression of enhancement over time) [50] . Again, this may be explained by the fact that microbubbles are purely intravascular agents. Some gray-scale features may help in differentiating cholangiocarcinoma from other abnormalities such as biliary duct dilatation.
ABSCESS
Liver abscesses result from bacterial, amoebic or fungal infections. Pyogenic abscess are by far the most frequent (88%) [22] . The gray-scale US findings of pyogenic abscesses vary with the stage of the disease. During early disease, the shape of the lesion is usually irregular and the echogenicity is variable. As the abscess matures the lesion becomes more rounded and hypoechoic, with debris in the middle and thick walls on the outside. Since an abscess is a fluid-filled lesion, there is usually associated posterior enhancement. Internal septations are seen commonly. Bright punctate echoes with "dirty" shadowing are present if there is gas within the cavity.
On contrast-enhanced US, pyogenic hepatic abscesses show areas of increased enhancement relative to the surrounding parenchyma [51] . Mature lesions with fluid show an enhancing rim. The internal septations also show enhancement giving the lesion a honeycomb appearance. Early (solid-appearing) lesions usually enhance diffusely, but heterogeneously. The enhancement appears early and usually persists during the portal and late phases ( Figure 6 ), with no contrast enhancement seen in the liquefied portions. In the arterial phase, a transient peri-lesional enhancement has been reported. In a minority of cases, this is followed by portal venous phase hypovascularity [51] . The main differential diagnosis for a hepatic abscess is a necrotic metastasis. The latter would appear as a punched-out enhancement defects in the late phase, while the former appears as an ill-defined area of decreased enhancement, although, as stated above, this is not a common finding.
LIVER CYSTS
Liver cysts are common incidental findings on liver US. T he diagnosis is straightforward when their pathognomonic features (anechoic, thin-walled and posterior enhancement) are present on gray-scale US.
Liver cysts are mentioned in this review because, on contrast-enhanced US, these lesions represent a potential pitfall if they have not first been recognized on gray scale US, since their gray-scale appearances are essential for characterisation. Liver cysts present as enhancement defects on all phases of contrast-enhanced US scan ( Figure 7 ) and can be erroneously mistaken as malignant lesions.
CONCLUSION
The introduction of second generation microbubble US contrast media has allowed real-time imaging of a liver lesion in every phase of enhancement. The ability to observe the complete pattern of enhancement of a lesion has improved significantly the specificity of US for focal liver lesions, and rivals that of CT and MRI, thus reducing the need for further investigations. As a screening tool, US is ideal owing to its relative accessibility and portability. Microbubble agents have extended the utility of US further and are applicable to most imaging departments worldwide.
